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INTRODUCTION

Why Plan for Climate Change in the MAGREgior?

The Miauteman Advisory Group on Interlocal Coordination (MAGIC) is a regional group of 13
municipalitieslocated northwest of Bost(figurel), which since 1984 has collaborated on
issues of regional concern. The group has workedtoaly to address issues related to
transportation, economic development, conservation of natural resources, and housing

Figurel. Map of MAGIQRegion
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The collaborativework has strengthened the region as alelamd the towns individuallgnd
reflects the assets in the region, including median household income and educational levels that

are higher than the stateds. I n addition, the
the importance ofagtiul t ure t o the regionds heritage and

cooperation, the region still faces a real thrrain climate change. The impacts of climate
change present risks to the social, economic, and environmertiaivgetit the MAGICegion

Threats posed by climate changye particular, rising temperatures and changing precipitation
patternsd are likely to affect how towns and their residents, natural resources, and local
economies operate in the shad longterm. For example,n March 2010, many MAGIC towns

1 Tre groupincludes the towmd Acton, Bedford, Bolton, Boxborough, Carlisle, Concord, Hudson, Lexington, Lincoln,
Littleton, Maynard, Stow, and Sudbury.

2 MAGIC is one of eight subregional committees that MAPC works with to address local and regiamatigsces

such as transportation, housing, environmental protection, municipal services, and public health,
http://www.mapc.org/subregions
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experienced extreme flooding aearly 10 inches of rain fell over a three day period (March
13-15) and then was followed bgdditional higher volumein event§ As a specific example

during this period iMarch the Towrf Concord recorded at total of 16 inches of rdmthe

MAGIC regionthere were significant disruptions to the transportation system as major roads like
Route 2, 117, and 118ll were interrupted partially or wholly bffooding liming travel options

for motorists and other roadway usaviddlesex County as a whole experienced over $35

million in propay damages as a result deseprecipitationeventst By contrasthiese same

towns were then under a drought advisory later that year due to lowerabarage rainfalP
Thecondition®f 2010 and the contrasthey presentare in line with thehanges in precipitation
predicted by2030 and beyond.

While it is essential for communities to redmeenhouse gas emissionsrder tolimitthe
predictedchanges in climates much as possibleis necessany simultaneously buitdsilience

to these changes orderto minimize social disruption and economic and environmental damage.
Climate change planning represents an opportunity for the M&@i@hto build this necessary
community resilience through adaptation and mitigation strat€égeganning recognizes some

key premise%

1. The climate has already changed asfthnges will continue to octur

2. Municipal representatives, stadhd residents & making major decisions today that may
have long legacies and that can influence future vulnerabilities

3. Climate change will not observe political borgsesregional efforts that foster local
action will be most effective

4. Planningn advancecan save muey, while inaction noway lead to higher costs in the
future.

5. Planning for uncertainty and future variability can be integrated into current planning
processes and decisioraking; however, it will likely require new methégdsding,and
tools

6. There aremany opportunities for doenefits when planning for climate change
adaptation and mitigation as well as emergency preparedness

7. One of the best predictors of resilience is the vitality of social networkeamdunity
cohesion.

Planning Process

MAGIC and the Metropolitan Area Planning Council (MAPC) initiated a planning process to assess
vulnerabilities from the predicted impacts of climate change (i.e., changing precipitation and
temperatures), and to develop an action plan for implementing adaptatgmitigation

strategies. The projeatasa unique opportunity to apply climate assessment and planning

3SNati onal We d@loddiegin Massachusgti®e , adc eptesnbee b, 2816.
http://www.floodsafety.noaa.gov/states/mdlood.shtml

4 NOAANational Climatic Data Centestorm Eventsaiabasedfor MiddlesexCounty MA 19968 2016, accessed

August 27, 2016,https://www.ncdc.noaa.gov/stormevents/

5 Town of ConcorBublic Works and LightPlant 6 2010 Annual Report, 6 accessed Se
6 Based on similar principles from, San MateoCqun 0 Cl i mat e Action Pl an: Climate
Assessment, 6 2011

7 Executive Office of Energy and Environmental Affiitassachusetdl i mat e Change Adaptati on
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methodologieto the issues faced by inland areas (e.g., those unrelated to sea level rise) and
provide a model for the other MAPC subregions and attesrs in the Commonwealth.

The MAGIC Climate Change plan includes three main elements: a vulnerability assessment,
development of adaptation and mitigation strategies, and stakeholder and community
engagementThe results of the process will guide MAGI@Eking regional action angelptowns

in theregionintegrate climate change considerations into their local poteiggations,
incentivesand projectsTheproceswill alsostrengthemetworksamong stakeholdefsom

various sectorsincluding ta built environment, natural resources, clean energy, public health,

and governmenrt in order to share knowledge and build a base of support for further action.

Developng a Vulnerability Assessment

A climate change vulnerability assessment is a priocdsterminethe degree to whichysems,
sectorsor populationgire susceptible to and unable tespond to predictedlimate change
impacts. The assessnmntides the best availablenformation abouthe predictedchangsand
theirlikely impactswhch isessentiain order b understanavhere and how ttake action (e.qg.,
protect, accommodate, retreathe assessmeamformsactionsn two ways.lIt identifies specific
elementshat are likely to beimpaced, integratinganecdotes and experiences hviata and
researcho explicitly identifywulnerabilitiesAndit providesan overview of connections and
relationships betweadtifferent vulnerabilitieshat allows for prioritization anda systems
approach for response strategies

Thevulnerability asssment includes three primary components

1 Exposureis adetermination of whether a specific changing climate condition or impact
will be experienced

1 Sensitivityis the degree to which the sysiesmctors, or populatiomsuld be impaired
by the impact iit were exposed.

1 Adaptive capacityis the ability of thesystem, sectors, or populatitmshange in order
to maintain its primary functions everit s exposed to an impact.

Exploring each provides a more holigtiderstandingf how vulnerabl& particular item may

be. For example, if a historic buildirgjikely to be flooded (exposure) and built from older
materials that are easilgamaged (sensitivity) and hisited financiasupportfor flood

proofing (adaptive capacity), it could bassesedas highly vulnerabl€onversely, iflood
proofingor protection measurese already in place, the building would have a greater existing
adaptive capacity that would lower its vulnerability assessifieese concepase described in
more detail irthe VulnerabilityAssessment section.

Working Draft V2.0 3



This assessment specifically looks atrthactdaced by the MAGIQregion It examines how
these impacts are shared across jurisdictional lines and how they differ betweeBadsaa®n
data and feedback collectethrough the procesthe following focus areas were identifitenl
this vulnerability assessment:

Terrestrial Habitats and Species
Aquatic Habitats and Species
DrinkingWater Infrastructure
Stormwater Infrastructure
Wastewater Infrastructure
Land Usend Buildings
Transportation Infrastructure
Energy Infrastructure

. Health and Welfare

10. Outdoor Workers

11. Agriculture

12.Local Economyourism
13.Local Economy: Healthcare
14.LocalGovernment

©CoOoNoOA~WNE

Identifying Adaptation and Mitigation Strategies

Climate change mitigation andaptation plannings a process to dermine how best to

respond to predictedlimate impacts and identified vulnerabilities. The process promotes actions

that anticipate changes and build resiliency rather than supporting reactive meRasitescy is
definedasbt he capacity of a community, business,
respond to, and récover from a disruptiono.

Developingadaptation and mitigation strategies firstquiresookng at existingstrengthssuch

as current paties and regulations, practices, and community initilteddsolster climate
resiliencyltthen involvesvaluatng how thesetrengthgompare to the identified vulnerabilities.

Where there are gapspewstratagiesare proposed in order to proteetnvironmentatesources

ensue public health and safetglirecteconomically feasible and sustainable groteth

appropriate locations, and redegotentialdisparitiesWhen combinedhe existing strengths

and new strategies witfyforreglielcdyance t he regi onds

Engadng Stakeholdes for Quidance andto Build a Stronger Social Network

The project involved collaboration with staff and representatives from MAGIC municipalities,
including planners, conservation agents, and those serving on atettgapointed boards and
committees (e.g., Board of Selectmen, Energy Committee, etc.). The project was also conducted in
collaboration with local stakeholders, residents, and subject matter experts who represented
business owners, environmental proteativocates, state agency representatives, and clean

energy advocates, among others. The collaboration ensured that the plan was informed by a
crosssection of perspectives.

8 U.S. Climate Resilience Toplkitdo GI ossar y, 6 ac chiépsd/makid.cclirarega/sditen?dossar2 0 1 6 ,
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More details about specific elements of the engagement process are providedabdlawput
from the processreferenced throughout the document.

Climate Resilience Plan Working Group

A working group was formed at the outset of the project to provide guidance on the planning
process and the content of the plan. Members attendedwosBeng group meetings where the
MAPC project team presented information on project progress and preliminary famtings
discussethe challenges and assets in the MA@HIon The working group also played an
active role in sharing information abouw firoject and recruiting residents to participate in a
climate change survey for thegionand to attend theCommunitummit.

A list of working group members is providethmAppendices

Community Summit

A Community Summit was held on Noved®e2015 to inform a broader set of community
members and stakeholders of the project. The summit included presentation on climate change
impacts that could affect thegionand engaged attendees in an interactive activity in order to
solicit feedback regardindheir particular climate impact concerns. A wipgliscussion was held
with attendees to discuss their primary concerns regarding climate vulnerabilities and what
planning outcomes would prove most useful to the communities.

Materials and highlights frothe summit are provided ihe Appendces

Regioral Survey

The MAGIQRegiorClimate Change Adaptation & Mitigation Survey was conducted between
January and April 2016 to offer another opportunity for resident and stakeholder feedback. The
survey was praded online via SurveyMonkey and distrdzlithrough variety of channels,

including MAGI@egioral communications (e.g., newsletter), distribution of the link by Working
Group members, and promotittmough multiple other channels including town websgesgl
newsletters, and community meetings.

Nearly 300 people participated in the survegnd the majority of respondents (Bércen}
indicated that they lived in single family homes in the MAGHn.While at least one
response was received fromatdownin MAGIC, two towns made up more tbagthird of the
respondentd.incoln and Sudbury. Four towns toan or fewer responses: Carlisle, Lexington,
Hudson, and Littleton.

In response to question abduwg tirgencyto respond to and prepare foriohate changgetwo-

thirds of respondentaid climate change is a very urgent issue with anoth@etentbelieving

it is a somewhat urgent issue. Respondents whaooties@provided a mixture of comments

One commenter considered climate change angemey, another said that they supported
mitigation in addition to preparation and res

9 Some of thesurveyquestions limited respondents to one response while others allowgld ohdices. In the case
of the multiple response quert@ercentages of responses represent those that there were selected most and totals
will not add up to 100%.

Working Draft V2.0 5



climate change is mamade.When asked which climate impacts caused concern, respondents
indicated that impacts to ecologl systems was of most concernp@iten} (Tablel1). Public
health (41percen} had the second highest response percentage, followed by effects o
agriculture (3%ercenf and Economy and the Built EnvironrDefinitions are providededow

for the impact categories.
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Tablel. Survey Climate Change Impact Categories of Concern

Category ~ Description
Ecological Damageto protective ecological systems: drinking watemtity and
systems quadlity, loss of habitat and green spaces, degraded waterbodies &

recreation areas, plant and animal species changes.

Public Health | Threatdo public health: respiratory, cardiovascular, allergies, and
other ilinesses (particularly of elderly, children anttloor workers).

Effects Effects oragriculture: decrease and or/changesfood production
on Agriculture | due to heat and drought conditions.

Economy and | Damageto the economy and built environment: business closures
Built lost wagesand damages/loss of property and infrastructure
Environment | (transportation, energy, water).

SourceMAGICRegiorClimate Change Adaptation & Mitigation Survey

The full results from the survey, including r
potential esiliencyactions, are included the Appendces

MAGICRegioral Council

Climate change was identified as the number one priority for regional action by the regional

council that directs MAGIConsequently, the council was frequently informed abostiatiues

and findings of the project through presentations, sharing materials that went to the working

group, and discussions about specific vulnerabilities and response strategvestk also
included a discussion at ,d0AnGWwHEbH MAPE and pagrlers| egi s
gave a brief presentation on the plan and invited the elected officials and other participants to

give their input

Working Draft V2 Introduction 7



DOCUMENTSUIDE

The MAGIClimate Resiliency Plendivided into three Parts.

1 Part | Vulnerability Assessment.Part Iprovidesbackgrounconthe MAGIC region, the
projectd effects of climate change on the region, and how various sectors, systems, a
population could be affectedit is intended to give context for the proposed impacts and
ability to identifyif, where, and howhe region andspecific municipalities could be impact

Municipal and civic leaders and groups shealth the assessment and determinerethere
is opportunityfo partner on issigg(e.g., transportation infrastructyngrotection of aquatic
resources) and wheeemore local approacis needed (e.gdrinking water infrastructure
municipal light plant)

Part I| Adaptation and Mitigation StrategiesPart Il provides a catalogue of strategies th
resporml to theidentfied vulnerabilitiesThe strategies areot intended to be a onto-one
match of the various sectors, systems, and popudatied outin Part I. InsteaBart lloffers
strategies thaaddress multiple vulnerabilities at once. Tree plaptiograns arean
example They are an intervention that addressssues related to precipitation, temperafu
and air quality all at oncePart Il also recognizes that many great interventionsespdmnse
strategies are in placet identifies where there is potaltto enhance and scale existing
efforts and where there are opportunities to address gaps.

Municipal and civic leaders and groups should use this section to see how their curren
can be strengthene@.g., low impact development regulations, rcke@ergy investmentm)d
to see what new strategies are necessary to prepare for the effects of Climate Ghange
cooling centersemoval of impervious surfaces)

Part Il Appendices.There is information and reference materials that did not iPeatiol or
Part Il However, thisontenbffersimportant information about the process #ralplan
itself. The appendices are repository fioe additional information and materiasd is a
resource for those looking to learn more about climate ch@ageing in the MAGIC region

Working Draft V2 Introduction 8



REGIOMLPROFILE

The Minuteman Advisory Group on Interlocal Coordination (MAGIC) is a regional group of 13
towns located northwest of Boston, which since 1984 has collaborated on issues of regional
concern. The groupcludes the towms Acton, Bedford, Bolton, Boxborough, Carlisle, Concord,
Hudson, Lexington, Lincoln, Littleton, Maynard, Stow, and Sudbury.

Figure2. MAGIC Towns by Population
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The following section proviie brief overviewof geographic, natural and built environment,
social economic, and governance charactesistithe MAGIC regioimhe profilesets the context
for the climate change vulnerability assessmentf@andevelogng mitigation and response
stratggies. Information and data in this section are refereaoeidexpanded onn other sections
of thereport, in particular thepecificvulnerabilityassessmest

Local Government

The executive branch cheh MAGIC towrs anelected Board of Settmen (BOSnd a Town
Manager orAdministrator who is appointed by the board. MAGIC BOS have éhiteeror five
selectmemwhoare responsible for setting polieyd appointing members to unelected boards
and committeeSome also have the power tp@ove or vetoTown Manager appointments and
municipatontracts. Typically, the Town Manager or Administrator is the chief administrative
officer and appoints department heads and other employees, prepares budgets, awards

Working Draft V2 Introduction 9



contracts, oversees administration, negotaitbsunions, and is a voting member of the school
committee on union contracts.

Legislative decisiemakingoccurghrough Town Meetiagn MAGIC, allownsbut one operate
with an Open Town Meeting, where any voter may attend and vote on legislatteesmat
Lexingtorholdsa Representative Town Meeting, where voters elect a limited number of
legislative representatives to vote on tdegislativematters.©

Demographics

MAGI Cd s p o p uhsowlyoventhelrement 1@ to Dowearsesuingin larger
populations of older adults araimoreethnicallydiversepopulation According to the 2010 US
Censushe MAGIQegionis estimated todve 167,755 residentgFigure2). Between 2000 and
2010, the MAGIQegiongrew by nearlyfour percentompared tahree percengrowthin the
MAPC regionThe average age of MAGIC residents has gradually increased during this
timeframe

MAP® Stronger Region population projections show that older adults will account for over 23
percentof the population by 20331 MAGIC is mosthyhite, but in recent years populations of
color have increased about pércentand the number oHispanic residents $imcreased by

about 52percent Asian Americans, Hispanand African Americans account from@ercent

2.8 percentand 1.5percent respectivelyof people of color. Other than English, the five most
common languages are Chinese, Spanish, Portuguese, French, and Korean.

Health Status

Health data from 2008 and 2012 suggest that MAGIC residareésggenerally healthier when

compared to Massachusetts residents. MAGIC hospitalizations for hypertension, asthma, diabetes,
and mental health were less than on the deatel Mental health hospitalizations in tegion

closely mirror state prevalencges. It is worth noting that the prevalence of diabetes
hospitalizations were higher within the southern and westerd?aseBAGIC. Similarly, asthma
hospitalizations were more prevalent in the western part oktfienl3 Mental health
hospitalizationg/ere more prevalent in the southern and northernlpartsheregionas a

whole.

Vulnerable PopulatiorGroups

Vulnerable populations groups are those that may already experience a disparity and those who
may be more susceptible to societal and enmimarial changesimited financial resources, weak
social networks, existing health conditions, historic or geographic tautionsorecan

compr omi s @r a f @ahilitdtardcé®/er from disasterSimilarly populations

including minorities,rignborn, the very younglder adultspeople who are disabled, and

Massachusetts Municipal Association, oOMunicipal For ms
http://www.massmanagers.org/sites/mmma/files/file/file/mma_fouofrgov3.pdf, Massachusetts Municipal
Association, OForms of Local Government, Commonwealth

https://www.mma.org/resourceasainmenl82/doc_view/29-formsof-localgovernmenin-massachusetts

11 MAPC population projections, stronger region

12 Sudbury and Maynard (South Quadrant), and Stow, Hudson and Bolton (West Quadrant)

13 Stow, Hudson and Bolton (West Quadrant)

14 Sudbury and Maynard (South Quadrant) and Littleton, Boxborough, Acton, and Carlisle (North Quadrant)

Working Draft V2 Introduction 10


http://www.massmanagers.org/sites/mmma/files/file/file/mma_form-of-gov3.pdf
https://www.mma.org/resources-mainmenu-182/doc_view/29-forms-of-local-government-in-massachusetts

those that are socially isolatedn be more susceptible to new exposures (e.g., worse air quality)
due to communication and transportation batriers

Population groups in MAGtRat are most vulnerable to climate change include its growing

numbers oblder adulg those living alone, residents with limited Entfisde with chronic health
conditonasnd t hose with | ower or fixed incomes. Co
populdion has a greater percentage of its people living alomeeferson households) and

Hudson has a higher number of residents who are linguistically isblese populatiomsay

be less apt or have less resources to change practices and understandgfajace conditions.

Outdoor workers in agricultural, construction, landscaping, or recreational (i.e. golf course)

industries will be at greater risk of climate impacts such as increased heathoewatiseases,

and industry volatility. Though itifficult to precisely count, around 4,000 employees in MAGIC

work in primarily outdoor industries.

Economy

MAGIC is an affluent region of Massachusetts, with an estimated median annual household income
above $100,000 in most of towompared tahes t at e ds e s Ofi$6AB46Ed medi an
Although the annual median income in Maynard and Hudson are lower than other MAGIC
municipalities, the median incomes in these t
than five percent of the residemsMAGIC live below the poverty linghile it is estimated that
stateds average is 11 per ceaeducated, withuovet @7 parcent t he M
hol ding at | east a bachel ords degre€isand near
hi gher than the stateds estimated averages of
respectivelys

Professional and business services, education, and health services represent tlegiangest
employment sectors, constituting apipnately halfof the employment{gure3). In MAGIC,

some of the largest employers within these sectors are The Mitre Corporation, a technology and
security corporation in Bedford; and Emerson Hospital in Concord.

15 AmericanCommunityBurvey,5-year estimates2010-2014
16 ACS 20102014
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Figure3. MAGQC Employment by Industry, 2015
MAGIC Employment by Industry, 2015

= Professional and Business Services

= Education and Health Services

= Trade, Transportation, Utilities
Manufacturing

= Leisure and Hospitality

= Construction

= Information

= Other Services

= Financial Activities

= Public Administration

= Natural Resources and Mining

Source: EOWLD, £82

Agriculture is a defining part of MAGICO6s his
economy. There are more than 250 farms in operation megfien cultivating nearly 8,000

acres(Figure4, Figureb). An estimated 633 acres are permanently protected for agricultural

uses. The majority of farms are under 50 acres and mostly raise and cultivate vegetables,

livestock, and orelnds. Approximately 450 people are employed B§yA G | f@s The region

has several neprofit farms that provide educational and community programming in addition to
producing food and several farms that have been in operation for several generatoais. Lo

products are made available in the region at farmers marketsfarm stands and through

CSAs, farm to school programs, and-agurism.
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Figure4d. Number of Farms in MAGIC Towns

Figures. Numler of farms and their primary

activities/products
Concord 70 61
Carlisle 60
Stow
50
Bolton 41
Littleton 40 32
Sudbury 30 28
Lincoln
20
Acton
Boxborough 10— 2
Lexington 0
Bedford > 5 5
N Q > 3 S \@
Hudson & P & &P
f Q\Q/ Q,Q’Q‘ ) \}\é Ae(ag’
0 20 40 60 N S Q°

Source: USDA 2007 Agriculture Census Source: USDA 2007 Agricultural Census

Natural Resources

The MAGIC region is rich with water resources and oveilapsjor watersheds, with the
majority (appoximately 70percenj of the region part of the Sudbury, Assabet, Concord
(SuAsQORiver basinThe SuAsCo Watershed is an important regional water supply and an
ecologically important regional watershed that includes segments that are fedesadjpatel
Wild and Scenic RiverBhe SuAsCo Watershed also supports two-dependent wildlife
refuge, and is the home of the wild, native Eastern Brook Trout andalth&ater fisheries’

Nearly onethird (39,650 acres) of lanth MAGIGs in conservatiofhis land includes properties
protected to preserve tha r e rarél sharacteand agricultural usesonserve land to

safeguard ecologicalesources, andpen spaces meant to providecreational opportunitien
addition to locally protected open spex; there are a number of federal and state natural
resource areas in the region.

The two federal wildlife refuges are the Great Meadaavel Assabet Rivédational Wildlife
RefugesThe Great Meadows NWR includes freshwater wetlands along the Concord and
Sudbury Rivers in Sudbury, Lincoln, Concord, Carlisle, and B&#tHokdsabet River NWR
includes wetlands and forested land in Sudbury, Stow, MayaraddHudson. The MAGIC region
is also home to the Minute Man National Historical ®arkh includes 97acres of protected
land across the towns of Lexington, Lincoln, and Concord.

State lands in the region include the Walden Pond State Reservation, Great Brook Farm State
Park, and Delaney Wildlife Management Area, among others, which represent preseasiati
past uses (e.g., farming) and protection of terrestrial and aggjeicies and habitat§

17 See K: Hudson SuAsCo 2013 SWMI Grant FINAL
BUSDA For e arnAssesmentiofahe Forest Resources of MassacliuseftzsO 1 0 .
http://www.mass.gov/eea/docs/dcr/stewardship/forestry/assessmefiforestresources.pdf
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Built Environment

Thetowns in thdMAGICregionare characterized asitherMaturingor Developing Subugh
accor di n gcategoriesbBom@uingiypes ceveloped for the MetroFuture Regional Plan
(Table2). Maturing suburbsra municipalitiesithmoderatedensity residential communites

a dwindling suppl of vacant devedpable land Developing Suburbs alessdeveloped
munipalitieswith large expanses of vacant developable lanbichhave recently experienced
high rates of growth, primarily throutite development darge lot singlefamily home&®

Table2. MAGIC Towns Community Pypes

Acton Maturing Suburbs Established Suburbs

Bedford Maturing Suburbs Established Suburbs

Bolton Developing Suburbs Country Suburbs

Boxborough | Developing Suburbs Country Suburbs

Carlisle Developing Suburbs Country Suburbs

Concord Maturing Suburbs Established Suburbs

Hudson Developing Suburbs Maturing New England Towns
Lexington Maturing Suburbs Established Suburbs

Lincoln Maturing Suburbs Established Suburbs

Littleton Developing Suburbs Maturing New England Towns
Maynard Matuiing Suburbs Mature Suburban Towns
Stow Developing Suburbs Country Suburbs

Sudbury Maturing Suburbs Established Suburbs

Source: MAPC

MAGIC has a history of working collaboratively on efforts to manage growth and development
across the region, focusingaddressing conflicting and compatible land uses. Teardowns in
MAGIC are a particular issue, whendturally or historicallysignificant homes are demolished
and new, large homes are built in their place.

Transportation

Theregionis served by two ajor highway routes: Interstate 43Baveling nortksouth through

the western portion of thregion and MA Route Zravelling eastwvest through the center of

MAGIC. Theegionis served bypublic transit provided by the Massachusetts Bay Transit

Authorty (MBTA), specifically the Fitchburg Commuter Raitimdruns service between Boston

and Fitchburgstopping in Littleton, South Acton, West Concord, Concord, and Lincoln. According
to the 2010 US Census, it is estimated that an average of 85 petBAGIC residents

commute to work by car (with approximately 95 percent of households owning at least one car),
and 3.5 percent of commuters ys#blic. Theegionis also served by a transportation

management association (TMA), Crosstown Connectoshdthates a number of local transit

19 For more information, please 9detroFuture, Making a Greater Boston Region
http://www.mapc.org/sites/default/files/MetroFuture_Goals_and_Objectives_1_Dec_2008.pdf

20 More details, a map, and municipal classifications according to community type can be found here:
http://www.mapc.org/sites/default/files/Massachusetts_Community Typésly 2008.pdf
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optionsincluding CrosActon Transit in Acton, the MinuteVandRide service, and council on
aging (COA) shuttles in Acton, Boxborough, Littleton, and Maynard.

] P M
P —{:h[ A\

e—, —gen e

Sources: John Boyd, OARS; Town of Hudson website; Cucurbit Farm, Thomas Cooper
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A Perspective on Sustainable Growth

Durng the planning process in MAGIC, a perspective on the growth and development was offered
consideration by the working group. The perspective was intended to elevate how growth and
development places greater burden on human, ecological, social, aogahggstems. It was also meg
to place growth in the context of regional needs and the changes that are expected to accompany
changing climate. The perspective is offered below.

oWhil e formally addr essi mwgrkigmgroup's dtope, we falt it t
i mportant to recognize growth as an i ss\y
Unsustainable building in one town has a régmect on other towns. We carawtently dictaty
growth limits at the region leuait we can raise awareness about the impacts on natural res
in the hopes that more sustainable planning can be achieved on a voluntary basis.

The natural eegystem, like any system, has limits. To achieve sustainability, we must resp
limits and constrain construction so that growth is "sustainable”. In this plan, we refer to th
"sustainable growth."” We believe that "sustainability” includes respecting the rights of natt
including the rights of human beings as part of thesstem. As such, we believe that "sustain
growth" must include basic, healthy, and truly affordable food and housing for all, which is
same time, economically viable.

To live within a framework of sustainability, we are developing a regienstamding of the
factors which contribute to the limits of nature. We are developing an understanding of wh
percentage of each town's land must be preserved for things like water recharge, tree car|
and food security, to be able to achieviaisiadility regionally. We are developing an
understanding of the limits on water capacity. We are developing an understanding of hot
that are not being met. As we do this, we will need towns to help us understand specifics
town.

With this understanding, we will prepare recommendations for towns to help achieve susts
the municipal level, and to help towns be "good neighbors" in a regional community by do
they can to minimize negative impacts of unsustainable gmsitjnlooring towns. We can helf
towns develop plans that provide for the needs of the community while simultaneously pr¢
landuse policies which result in unsustainable building. Some communities may have alre
a level that is impossilbdesupport. We urge those towns to modify land use policies, as soo
possible, to minimize unsustainable growth. In this plan, we hope to provide specific sugg
how to do that. o6

The views expressed are those of the author(s) and are notadtesftect the views of the towns in the MAGIC
Subregion, municipal and community representatives to the MAGIC Subregional Council, and the Metropoli
Planning Council.
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CLIMATECHANGEPROJECTIONS\® IMPACTS TMAGICREGION

This section providasackground on climate change modelling and existing resdarces
Massachusetts that amevant to MAGI@nd describeglimate change informatiamcludedn
the vulnerability assessmdnpresents an overview and projectiforstwo changes in the
dimae i temperatureand precipitationi and the potentiakffects of these changes.

Climate Change to Date

The world has experienced increases in annual average temperatures, altered precipitation
patterns, and sea level rise over the past century. Trextupes have increased an average of
1.4°F since the 1880s, with ttfords of the warming having occurred since 1®7More
precipitation is falling now that it did a century agothat time period, precipitation has grown
by five percent in the US andio percent worldwidé Since 2000, Massachusetts has exceeded
the 20" century average for rainfall 13 time$hree of thosemesthe state exceeded the

average by 10 inches or more of r&h

While not directly applicable to MAGICega level has beemising globallyan average ofnearly

an inclper decade The US coastline has registered increases of ne@fiyinches since 1960

and Massachusetts has seexea leverate of approximately 10inches per decadd hese

changes are altering the lengthditiming of seasons, natural ecosystems and communities, and
operations within the economy.

Thesetrendsd warmertemperaturesind altered precipitation patternd are expected to

continue into the future, and the ratecbinge is expected to increasadventhisi t 6 s | mpor t a
to explore how these trends may play out and how specifically they will impact the MAGIC

region

Climate Change Modelling

Predicting future climate conditions is a very complex undertaking based on a number of
interacting modelsral assumptions. Because the way humans behave now will influence the
climate in coming decades, there is no single set of climate predictions. Instead, climate scientists
publish a series of projections for chasigeglobal temperature or precipitation bad on a set

of possible actions humans might take over coming decades. In calculating these projections,
scientists begin with a set of assumptions such as total amount of energy people will use and the
mixture of renewable energgnd fossil fuels that peple will useThese assumptions are fed into
Integrated Assessment Moéete createGreerhouseGas (GHG) emissions scenarios, or

2LNASAEart h Observatory, OWorl d of Change: Gl obal Temper
http://earthobservatory.nasa.gov/Features/WorldOfChange/decadaltemp.plgtcessed September 11, 2016

22 E P AClimate Change Indicators: U.S. and Global Precipitdfié and Global Precipition, 6
https://www.epa.gov/climateindicators/climatechangeindicatorsusand-global-precipitation accessed September

11, 2016

23 N O A AClimageat a Glanc& https://www.ncdc.noaa.gov/cag/timseriestis/19/0/pcp/12/12/1895 -
2016%?base_prd=true&firstbaseyear=1901&lastbaseyear=2000&trend=true&trend_base=10&firsttrendyear=189
H&lasttrendyear=2016 accessed January 2016.

24 E P AClimate Change Indicators: U.S. and Global Precipitatio® e a htipe/fwen.epa gov/climate
indicators/climatechangeindicatorsusand-global-precipitation accessed September 11, 2016

25 dn assessment of climate changiegrated assessment refers to that activity that considers the social and

economic factors that drive the emission of greenhouse gases, the biogeochemical cycles and atmospheric chemistry

Working Draft V2 Introduction 7


http://earthobservatory.nasa.gov/Features/WorldOfChange/decadaltemp.php
https://www.epa.gov/climate-indicators/climate-change-indicators-us-and-global-precipitation
https://www.ncdc.noaa.gov/cag/time-series/us/19/0/pcp/12/12/1895-2016?base_prd=true&firstbaseyear=1901&lastbaseyear=2000&trend=true&trend_base=10&firsttrendyear=1895&lasttrendyear=2016
https://www.ncdc.noaa.gov/cag/time-series/us/19/0/pcp/12/12/1895-2016?base_prd=true&firstbaseyear=1901&lastbaseyear=2000&trend=true&trend_base=10&firsttrendyear=1895&lasttrendyear=2016
https://www.ncdc.noaa.gov/cag/time-series/us/19/0/pcp/12/12/1895-2016?base_prd=true&firstbaseyear=1901&lastbaseyear=2000&trend=true&trend_base=10&firsttrendyear=1895&lasttrendyear=2016
https://www.epa.gov/climate-indicators/climate-change-indicators-us-and-global-precipitation
https://www.epa.gov/climate-indicators/climate-change-indicators-us-and-global-precipitation

estimates of the amount of GHGs that may be introduced into the atmosphere o¥feGtis
include arbon dioxide(CO2), mdiane (CH4), nitrous oxide (N20), ahmfinated gase%

The Intergovernmental Panel on Climate Change (IPCC), the leading international body for the
assessment of global climate change, recently released a report outlining a series of four GHG
emissiongse nari os, which they term ORelative Conce
indicates that if people do not adopt policy changes to reduce emissions, continue to have a high
population growth, and continue to rely heavily on fossil fuels, this wébue ad t o a OHi gh
Emi ssi ons o6 scenar iTlableR)isilf gdoplednstéad maetcamistious Rr§efls 8 . 5,
to lower fossil fuel consumption, increase renewable energgnaiseaintain a lower population
worldwide,G2G enissions could be much lo{RCP 2.6 The climate projections referred to in

this report are generally based on the GHG emissions scenarios outlined by the IPCC.

Table3. Greenhouse gas scenariosR@Gclimate modelling.

) Low rate of renewable 3 x todayds
_ No policy changes | energy use emissions
High RCP & to reduce emissions
World population of 12 Increased methane
billion emissions
Some energy Continued reliance on fosy CO. emissions peak in
High efficient fuels 2060, then decline
Intermediate RCP 6 technologies Increased use of cropland
adopted and Decreased se of Stable methane emissig
encouraged grasslands
Stringent climate Decreased use of COz emissions decline
Low RCP 45 policies croplands starting in 2040
Intermediate ' Strong reforestation Decreased use of Stable methane emissio
programs grasslands
" . . CQOz emissions decline
érrr?izgzl;sreGdﬂCGtion Declining use of oil beginning in 2020
Low RCP 2.6 policies g%g?aﬁgz'gés dbfltljhrot?io Reduced methane
; emissions
energy production

Source: IPCC 2011

that determines the fate of those emissions, and the restiltamioé greenhouse gas emissions on climate and

human welfare. More specifically, the two defining characteristics of a climate change integrated assessment are 1)

that it seeks to provide information of use to decision makers rather than merely adwatierstanding for its own

sake; and 2) that it brings together a broader set of areas, methods, styles of study, or degrees of certainty, than

would typically characterize a study of the same issue within the bounds of a single research@@eiptrfer

International BEat h  Sci enc e | nThematim&uide @ Mmtedlatet! AssesskModeding of Climate

Changed, acces s étigh/sAdagciesntcolunBia.ediadsin6e,tg/TGHP.html

26 |IPCCClimate Change 20152

271 E P AOverview of Greenhouse Gasekttps://www.epa.gov/ghgemissions/overvieyeenhousgases

accessed January 5, 201

2The numbers assigned to the Relative Concentration Paf
result from that emissions scenario. A higher amount of radiative forcing would cause more extreme changes in the
climate sooner than awer amount. See van Vuuren et al 2011 for details on RCPs.

Detl ef wvan Vuuren et al. 0The r eprGimatcChaadEid26ll)cSoncent r a
31.
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The estimated global GHG concentra@#®fi®m theGHG emissions scenarios are fed into

Global Climate Models, which are a complex mathematical representations of the reaction of the
earthodéds environment to various amounts and mi
set of climate projections feach GHG scenatrio, including metrics such as increased temperature

and precipitationKigureb). Essentially, the climate model s
activities emit a certain amount of GHGs into the ath®we over the coming decades, how will
the global climate respond?¢6
Figure6. How climate projections are calculated.
Global .
Greenhouse i Climate
. Imate . .
Gas Scenarios Projections
Model

B

Source: MAPC

Climate projections based on the IPCC GHG emissions scenarios encompass changes across the
globe, which means the geographic scale is very broad. A single set of temperature and
precipitation projections may be available across all of New England, for example. This is the

scale of projections available in the latest report from the IPCC and frdmSh&lational

Climate Assessment. This geographic scale masks a lot of Vaghtiate conditions along the

Boston Harbor may be a lot warmer and wetter than conditions in western Massachusetts, for
example. Because of this local variation, scientistasmut hen odownscal ed pr o]
local variation.

Developing a Regional Climate Change Scenario for the MAR&gion
Over the past decade, a lot of interest has developed in Massachusetts around preparing and
planning for climate change.Wfeecentkey efforts are:

1 Massachusetts @hte Change AdaptatioAdvisory Committee

1 Regional Climta Change Adaptation Strategy

1 City of Boston/Bston Research Advisory GrdBRAG)

1 City of Cambridge Climate Change Vulnerability Assessment (CCVA)

Each othese efforts collected information, produced regional and local relevant climate change
projections and data, and engaged public and private sector organizations.

29 This is a simplification. The output of the Integrated Assessment Modafsadsra of radiative forcing.
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The following sections draw on these reports to describe climate change effects anbilitidsera

for the MAGIC region. Projected impacts are premised upon the emission scenario used for Boston
and Cambridge and data for the Boston Metro rediaait includes the MAGIC regi¥rAlthough

the data and respective climate impact projections wexaed primarily for the Greater Boston

Harbor area and may not be as localized as are desiredtf@region, this information and

data is the best available for the MAGIC regigiven existing resources.hidé somehanges

may affect Boston and Cambridgéferently thanMAGIC townsprecipitation will not vary

greatly within a 3640 mile radius andhe information regarding relative changing temperature

and precipitations conditions holds as a starting .point

Temperature
Heat

The average annual tempetae (46050°) is expected to increadsy 3-4° in the next 15 years
and 6-9° in the decades leading up to the year 210Dable4). While there is consensus about
the temperature changes in the niext decades, the increase after 2030 is less claarthe
emission scenarios come more into play. For example, a higher emissionpsogtasidaster
temperature rise while a low scenario could slow the warming trend.

Temperaturehanges will vary on a seasonal bg$msble4). Averagge winter temperaturare
predicted togenerally not fall below freezindrather, they are projected to rise from a historic
range of 23328°F to 3442°F by 210032 Summer temperatures will also rise from the current
average of 69 °F to a range of 74 °F by 2100 Error! Reference source not fouhd.
Furthermore, the freBee summer agricultural growing season is expected to lengthen in New
England by the end of the century by as much as a month, which has implications for the
agricultural sector in MAGFE.

Tabled. Boston Area projected increases in average temperature.
Baseline

196162010 201082030 203582064 207062100

T 56359°F

Winter Average(Dec. Jan.,Feb.) [wEl7 S 30033°F 30 to 36°F 34042°F
SummeAverage(Jun.Jul.,Aug.) 68069°F 70072°F 71076°F 74084°F

Source: Climate Ready Boston, 0The Boston Research Advisory
Boston

30 Two scenarid a highest emissions scenario and a lower emissions sdemamgoused in the Boston and
Cambridgein order to provide aange of likelyscenarios for projected changes in temperasme precipitation.
Whena range is presented

31 When any advances are made in the factors that contribute to the climate projections or dowheraisudting
projectionsre affected It is therefore very important to monitor new reseanthdataas it is released. For
example, the BRAG recommends réwigjtrojections every two years.

32Cl i mat e R eThelBostdd ReseamAdvisory Group Reflortate Change and Sea Level Rise
ProjectionsforBostodd June 2016

33 Under a high emissions scenario. National Clinsaessment
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Figure7. Boston Area pregted increases in averagenmer temperatures
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The rise in average temperature will be accompanied by an increase imiteeas of hot ( O
90UF) or extr e mé Cuyrentypthe Bdstoly Meteiod expedighdes roughly

11 days at or above 90°F each year. By the 2030s, this number may increasé® @dys per

year, which is currently normal for Virginia and N@dlolina34 By the 2070s, this number may

increase to 2890 days per year, which is more common in parts of Georgia and Alabama

today 3> Alsq the BostoiMetroregioncurrentlyexperiences roughlyneday at or above 100

degrees every yea#® By the 2030sywe may experiencep five days above 100 °F, and by the

2070s, we may experience betweep to 33 of theseextremely hot days each summiar.

addition to the data for the Boston Metro, data for Middlesex County seems to already be on a
similar upward trenadf experience high heat days over the pastiple of decaded={gure8).

Sout heast Regional Climate Center, ONumber of Days wif
Cities in the Sout he a s lttpsd/warvcsere.sosnelonat@nfo/hidterigalingean90ihdn)] 201 6,
35 Under RCP 4.5 conditions. City of Cambri@ienate Change Vulnerability Assess(@éytof Cambridge, 2015),
http://www.cambridgema.gov/CDD/Projects/Climate/climatechangeresilianceandadaptatiorcas@xn BRAG.

%Bost on |Tnedds in €limate Ghange) Metro Boston and New Engéand
http://www.bostonindicators.org/indicators/environmanttenergy/5-4clearenergyand-climatestability/5-4-
ltrendsin-climatechangemetreboston accessed March 25, 2017
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Figure8. High Heat Days in Middlesex County

Number of Heat Wave Days in M8gptember (198:2010)
Middlesex County
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--------- Poly. (Heat Wave Days Based on Daily Maximum Temperature)

--------- Poly. (Heat Wave Days Based on Daily Maximum Heat Index)

SourceCDC WONDER Online DataBase

Compounding this issue is the heat island gif&ath occurs when dark surfacearticularly
pavements and tar roofsabsorb heat during the hottest part of the day. This heat is later
released throughout the evening and night, keeping the air temperature highemtbala ibe in
a more rural ara.3® Although the MAGIRegioris not particularly urbanized, the heat island
effect will occur in any areagithincreased impervious surfaggich as large parking lots and

37 National Climate AssessmekBixtreme Heat Events: Heat Wave Days in Magptember for years 1982010

onCDC WONDER Online Database, released 2015. Accessetbatfwonder.cdc.gov/NCAheatwavedays

historic.html

8EPA, OHeat | sl and Ef fhgps:fwwd.epagoriesisaeads July 27, 2016,
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town centedistricts. The public health implications of the drastic increadecime heat days
and of the heat island effealill be described in later sections.

The MAGICegion will alsacontinue to face variabilities temperature (hot and cold) under
climate change conditions. For instance, the number of extreme heatldagagiogether into
longer heat waves. Alternatively, cold snaps may not decrease in coming decades. The region
may not see a decline in periodsextreme cold until 210€P

Precipitation
Rainfall

New England has already experienced a documentedaserm both heavy rainfalls and
floodingin recent decade® Projections inditathat in the coming decadt® region can
expectthe amount of rainfatluring large storm eventts significantly increaggable5). As with
the emperature projections, the change in emis3ibigh being the status quo and lbeing the
result of emissions reductiémell impactthe magnitudeof theincrease beyond 203(Error!
Reference source not found.

Figure9. Precipitation Projections

7.0in HF\ Emissions Scenario
i /. (Business as usual)
6.0in /.
5 . .
7 .0 1N
‘{'
5 4.01in
J.0IN O o O O
TODAY* 2035 2060 2100

T seline represe e 01

Confidence intervals are r these projections but are likel =

o these num I f ddl large range
SourceCl i mat e Ready Boston, 0The Boston ReseaRisetProjcionsf@ory Group
Boston
Currentyaol arge storm eventoé i s described within

of rainfall within a 24 hour period that is so large that it has only pé&@entlikelihood of
occurring in a given year. In other words, we could expect a storm of this severity to occur roughly
once every 10 years. A storm of this likelihood will d&dinches of rainfall based on historic

E. Kodra, K. Steinhaeus erextremesuhdeA2tRe n tGlamyg uwar, miorPe r sd et d
Geophysical Research Letd&sno.8 (2011), cited in BRAG, 31.

“OCl i mat e R eThelBostdd ReseamAdvisory Group Replartate Change and Sea Level Rise
ProjectionsforBostodd June 2016.
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data (Table5). However, the frequency of these extreme precipitation events will increase

t hereby shifting tortegeardilelytopceun eachydan. Acoarding to thée h e
Boston Research Advis@y oup Report, byetalhe s2030Md, isheprol] @
5.6 inches of rainfall over the course of 24 hours, and by the 2070s, there will be 6.4 inches.

Tableb. Precipitation during 24 hour storm events of varyimg pettiods.

10% (10yr) 4.9in 5.6in 6.4in
4% (25yr) 6.21in 7.3in 8.2in
1% (100yr) 8.9in 10.21in 11.7in

Sour ce: Ci t \Clinmte CHargeNunerabilifyeAssessndentNove mber 2015

It should be notkthat due to slight variations in land uses, topography, etc., the MAGIC region
already receives slightly less rainfall per yeaan BostanAccording to data published by the
Northeast Regional Climate Cerffean expected large storm event in the MEGégion is
currently roughly 0.5 inches less than in coastal parts of the City of“Boston.

Snowfall

As winters become warmer, snow accumulation is expected to decline regionally. Total snow
accumulation during a given winter is expected to dropstimagd 31percentto 48 percentby
2100.43 Thigdeclinedoesnot necessarilyndicate an end t@xtremeweathereventssuch ashose
occurring during the winter of 202015. Based on current projections, it is possibledian

with warmer winters and lessalbsnowfall Jarge snowstorms may continue duecimple
interactions between climate change effects, temperature, and atmospheric foisture.

Drought

Currently, no detailed projections for droughts are available for Boston or the surrounding region.
However, largerscale projections suggdisat mediurnand shorterm droughts may increase,
especially during summer and fall seas®dhgse droughts would binilar to what was

experience in the region in the latter half of 20¢e6T his will be exacerbatedybpredicted high
temperatureshigh evapotranspiration rates by vegetatiand a longer growing season. Since
significant groundwater recharge occurs only during the spring and fall (when the ground is not
frozen and the treeBave leavey the observededuction in late summer and early fall storms

may result in reduced recharge (NOAA, Northeast River Forecast Qémies3. significant new
measures are taken to recharge stormwater, more intense precipitation will also reduce
groundwater and aquifer reeinge.

41 The mission of the Northeast Regional Climate Center is to facilitate and enhance the collection, dissemination and
use of climate data and information, as well as to monitor and assess climatic conditions and impacts in the twelve
state, northeastern regiof the United State$he center is based at Cornell University.

“2Nort heast Regional Climate Center, OExtreme preci
for extreme precipitati on htiatpetipessicernelfeddccessed on J
BCl i mat e R eThelBostdd Rese¢amAdvisory Group Reflortate Change and Sea Level Rise
Projections forBostod June 2016

“4Cl i mat e R eThelBostdd ReseacmAdviseryup ReportClimate Change and Sea Level Rise
Projections forBostod June 2016

SCl i mat e ReTheBostdd ReseéawmAdvisory Group Replartate Change and Sea Level Rise
ProjectionsforBostodd June 2016
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Riverine Flooding

For the purposes of this assessment, the planning team is utilizing a definition of flood that stems
from the Feder al Emergency Management Agencydd
definition:A general or temporary conditi@f partial or complete inundation, of one or more acres

of typically dry land from overflow of inland waters or accumulation or runoff or mudflow from any
source.

To date, a methodology for determinitige amount of expansion o¥erinefloodplainsdueto
climate change has not been establistoedhe Boston Metro or MAGIC regiddAPC has been
working with academic and government partners to discuss potential natldatiss work will
continughrough2016 and into 2A.7. Therefore, this level of alyais was not possible to
complete for this project.

Existing floodplain delineatiorsse based on past precipitation patterns and flooding and can
onlysuggest wheréutureriverine floodingconditions could be projected. Riverine floodplain

zones are deermined during the development of Flood Insurance Rate Maps (FIRMs) by FEMA,
for the purposes of the NFIFhis was last done for the Concord basin i¥2Methodologies for

the development of these zones include hydrologic studies to determine tHeohmatan

flowing during precipitation events and hydraulic analyses to determine water surface elevations.
Riverine flood zones include the following typolo@liestrated irFigurel0):

9 High Risk Areas
0 Zone A:Thesearearea def i ned by FEMA as having o0a
given year, and a 26% chance of flooding over the life of 848@ ar mor t gage. 0
They further clarify that oObecause detail
areas; no depths or base flood el evations
0 Zone AE (formerly 430 Zones)These are Zone A floodplains where base flood
elevaions have been provided.
o Other A Zones:
A AH: Areas with a 1% annual chance of shallow flooding, usually in the form of
a pond, with an average depth ranging franeto threefeet.
A AO: River or stream flood hazard areas, and areas with a 1% or greater
chance of shallow flooding each year, usually in the form of sheet flow, with an
average depth ranging froroneto threefeet.
A AR: Areas with a temporarily increased flood risk due to the building or
restoration of a flood control system such as a leveedana
A A99: Areas with a 1% annual chance of flooding that will be protected by a
Federal flood control system where construction has reached specified legal
requirements.
1 Moderate to Low Flood Risk Areas
0 Zone X0 shaded (formerly Zone B): These areag laa®.2% chance of flooding in
any given year and usually are between the limits of theAl€&r and 50@ear
floods. They are used to designate base floodplairiessfer hazards (e.g., areas
protected by leveesr shallowflooding areas).

Working Draft V2 Introduction 15



0 Zone X0 unshaded (formerly Zone C): usually depicted on FIRMs as above the
500Z4ear flood level, which nyahave ponding and local drainage problems that
don't warrant a detailed study or designation as base floodplain. Zone X is the area
determined to be outside the SB@ar flood area.

It should be noted that although Zone X is designated as\tmerate fbod risk, FEMA

recognizes that these areas are subjedlooding due to problems wigtormwater
infrastructure, and therefore o0the failure of
ri sk within4#%these rate zones. 0

46 US Federal Emergency Managemayecy, National Flood Insurance Progranswers to Questions about the
National Flood Insurance Program
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Figurel0. Current Floodplains and areas of exposure
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